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suitable for inducing or enhancing the transcription of cis- 
located promoter/gene constructs in response to ster- 
oids an/or retinoids, comprising at least the region span- 
ning nucleotides -8,007 to -7,144 upstream of the 
transcription initiation site of human tissue-type plas- 
minogen activator, or modified versions thereof not 
destroying the biological activity of the element. 

The invention also relates to a vector for the transfer 
of a gene or gene fragment into mammalian host cells, 
such that the gene or gene fragment may be expressed 
by the host cell, the vector comprising an enhancer ele- 
ment according to the invention operably linked to its 
homologous or any heterologous promoter an the gene 
or gene fragment. 



CO 

o> 

CM 



Q. 
LU 



Printed by Rank Xerox (UK) Business Services 
2.12 </3 4 



9 

EP 0 721 984 A1 

Description 

The present invention relates to an enhancer element, e.g. useful for the inducible expression of therapeutic genes 
in vivo . The element may be incorporated in an appropriate gene therapy vector suitable for the induction or enhancement 
5 of transcription. The invention further relates to the use of such a vector and to a genetic switch comprising the enhancer 
element. 

Recent advances in the understanding of the molecular basis of genetic disorders has led to the development of 
gene therapy for the treatment of inherited or acquired life threatening diseases. Gene therapy requires the introduction 
of the therapeutic gene of interest into somatic cells of the patient using a specific gene delivery system (e.g. liposomes, 
io viruses; for a review see ref. 1). Expression of the therapeutic gene in the host cell will produce specific mRNA, which 
will be translated into active protein eventually leading to a specific and prolonged therapeutic effect in the treated patient. 

Gene expression in general is primarily regulated at the level of transcription initiation by RNA polymerase II (2,3). 
Formation of the transcription initiation complex is favored by the presence of regulatory trans-acting factors that interact 
with specific cis-acting elements located in the promoter and in the enhancer(s) of the gene. The combination of various 
15 cis/trans modules, together with factors involved in protein -protein interactions, mediate a specific response and provide 
fine tuning to transcriptional regulation of a specific gene (2, 4-6). 

In the case of gene therapy, usually strong viral promoter/enhancers are used for driving transcription of the thera- 
peutic gene at a constitutively (high) level. Sometimes it might however be advantageous to be able to induce or increase 
transcription of the gene at will. This might for example be the case where a constitutive level of transcription is unde- 
nt? sirable or transcription of the therapeutic gene depends on the presence of its homologous, but not very strong promotor. 

It is therefore one of the objects of the present invention to provide an inducible enhancer element that might induce 
or increase transcription of a desired gene. 

According to the invention it has now been found that the region spanning nucleotides -9,578 to -7,144 (2435 bp, 
called t-PA2.4) upstream of the transcription initiation site of the human tissue-type plasminogen activator (t-PA) gene 
25 enhances transcription of linked promoter/reporter gene constructs in response to (sub)pharmacological concentrations 
of steroid hormones and retinoic acid. The effect is observed in several cell lines, with several promoter/reporter con- 
structs, it is synergistic and it is further enhanced by addition of a protein kinase C activator. The size of the enhancer 
could be reduced to a 862 bp fragment spanning nucleotides -8,007 to -7,145 upstream of the transcription initiation 
site of the human t-PA gene without significant loss of response to the various agents. The steroid responsiveness is 
30 located in the region spanning bp -7,325 to -7,535; it contains putative glucocorticoid responsive element(s) (GRE) that 
bind glucocorticoid and androgen receptor. The retinoic acid responsiveness is located in the region spanning nucle- 
otides -7,145 to -7,324; it contains a retinoic acid responsive element (RARE) consisting of a GGGTCA direct repeat 
motif spaced by 5 nucleotides that interacts with heterodimers of retinoic acid receptor a and retinoid X receptor a. 

The invention thus relates to an enhancer element suitable for inducing or enhancing the transcription of cis-located 
35 promotor/gene constructs in response to steroids and/or retinoids, comprising at least the region spanning nucleotides 
-8,007 to -7,145 upstream of the transcription initiation site of human tissue-type plasminogen activator, or modified 
versions thereof not destroying the biological activity of the element. 

The enhancer element of the invention need not but may also comprise the region spanning nucleotides -9,578 to 
7,144. Preferably the enhancer element comprises a steroid responsive fragment located in the region spanning nucle- 
40 otides -7,325 to -7,535 and/or a retinoic acid responsive site located in the region spanning nucleotides - 7,1 45 to -7,324. 

In one preferred embodiment of the invention the enhancer element comprises at least one biologically active part 
of the DNA sequence shown in Fig. 9. or modified versions thereof not destroying the biological activity of the element. 
The DNA fragment shown in Fig. 9 is further indicated with the term "t-PA2.4". 

The synergistically inducible enhancer of the invention represents a valuable alternative to constitutive strong pro- 
45 moter/enhancers because by the nature of its synergistic response to various ligands, this enhancer could be linked to 
a weak promoter and provide a unique "genetic switch" for the induction or increase of the transcription of a therapeutic 
gene by (sub)pharmacological doses of steroid hormones, retinoic acid and activators of protein kinase C. 

The invention thus provides for a genetic switch, comprising at least part of the enhancer element of the invention 
and a promoter having low or substantially no expression level of its own, wherein the enhancer element and the promoter 
so are located on the same vector or on separate vectors to be used simultaneously. The term "genetic switch" is used to 
mean any construct of a promoter and the enhancer of the invention, wherein the promoter alone or without the enhancer 
being induced is so weak that the transcription level is low or substantially undetectable. Induction of the enhancer can 
then lead to a substantial increase of transcription level. 

The t-PA2.4 enhancer or biologically active parts thereof, when incorporated in gene transfer vectors, will be useful 
55 for the in vivo expression of therapeutic genes in response to (sub)pharmacologic concentrations of steroid hormones, 
retinoic acid and activators of protein kinase C. 

The invention thus further relates to a vector for the transfer of a gene or gene fragment into mammalian host cells, 
such that the gene or gene fragment may be expressed by the host cell, the vector comprising an enhancer element as 
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claimed in any one of the claims 1 to 4, operably linked to its homologous or any heterologous promoter and the gene 
or gene fragment. 

The vector of the invention may be used in the in vivo modulation of the expression of the gene or gene fragment 
in mammalian host cells, by natural or synthetic steroids, retinoids or combinations thereof, or by one or more agents 
acting on the enhancer element, such as activators of protein kinase C. The invention therefore also relates to these uses. 

The present invention will be further elucidated by means of the following example, which is incorporated herein for 
illustration purposes only and is in no way intended to limit the scope of the invention. 

EXAMPLE 

JO 

Materials and methods 

Human HT1080 fibrosarcoma, HeLa cervix carcinoma and SK-N-SH neuroblastoma cells were obtained from the 
American Type Culture collection (Rockville, MD, U.S.A.), and EAhy926 endothelial hybrid cells from Dr. C.-J. Edgell 

is (Dept. of Pathology. University of North Carolina. Chapel Hill. U.S.A.). 9cis-RA was a gift from Dr. F. Schneider (Hoffman- 
La Roche Ltd.. Basel, Switzerland) expression vector encoding h-AR (RSV-hAR) from Dr. A.O. Brinkmann (Erasmus 
University. Rotterdam, the Netherlands), the Xt-PAgen1 lambda genomic clone from Dr. L. Nelles (University of Leuven, 
Leuven, Belgium), expression vectors encoding h-ER (RSV-hER), h-PR (RSV-hPR), h-RAR (T (RAR„(J>), h-RAR p (h-RAR p ) 
and h-RARy (RARy1.<(>) from Dr. P. Chambon (Laboratoire de Gen6tique Mol6culaire des Eukaryotes, Strasbourg, 

20 France), the expression vector encoding h-GR (RSV-hGR), h-MR (RSV-hMR) and h-RXR rt (pRSh-RXRJ from Dr. R.M. 
Evans (The Salk Institute for biological Studies, La Jolla, CA, U.S.A.), the firefly luciferase expression vector (pRSVL) 
from Dr. D.R. Helinski (Department of Biology, University of California, San Diego, USA), purified fusion protein of protein 
A and the DNA binding domain of the human glucocorticoid and androgen receptor from Dr. R De Vos (University of 
Leuven, Leuven, Belgium), epitope-tagged human RAR (l and RXR U expression plasmids from Dr. T. Gulick and Dr. D.D. 

25 Moore (Massachusetts General Hospital, Boston, MA, USA) and epitope-tagged hRAR ( , and hRXR„ as partially purified 
E.coli expression products from Dr. M. Baes (University of Leuven, Leuven, Belgium). Dulbecco's Modified Eagle growth 
medium (DM EM), DMEM-F1 2 and M1 99 growth medium and all medium supplements were purchased from Gibco/BRL 
(Ghent, Belgium), tissue culture recipients from corning Inc. (New York, USA) and Becton Dickenson (Franklin Lakes, 
NJ, USA), all-trans RA (RA). phorbol-ester-myristate (PMP), thymidine, dexamethasone (DEX), progesterone, d-aldos- 

30 terone. 17p-estradiol, and chloramphenicol from Sigma Chem. Cp. (St. Louis, MO, USA), the human genomic XEMBL3 
library from Clontech (Palo Alto, CA, USA), DNA purification columns used for plasmid preparations from Qiagen (Chats- 
worth, CA, USA) and Mackerey-Nagel (Duren, Germany), all reagents used for DNA dideoxy sequencing reactions from 
Pharmacia (Roosendaal, The Netherlands), acetyl CoA and [ 3 H]-acetyl CoA from ICN Biomedicals (Costa Mesa, CA, 
USA), [a 32 P]UTP and [ct 32 P]dCTP from Amersham Corp. (Ghent, Belgium), SP6 RN A polymerase. pSP64 plasmid, the 

35 Erase-a-base kit, reporter lysis buffer and luciferin substrate from Promega (Madison, Wl, USA), Galacton and "Galacto- 
Ught" kit from Tropix (Bedford. Mass, USA), the synthetic androgen R1881 and Econofluor-2 from NEN-Duppnt (Boston, 
MA, USA) and Upoluma from Lumac-LSC (Olen, Belgium). 

DNA sequence analysis 

40 

For DNA dideoxy sequencing reactions the Auto Read Sequencing kit of Pharmacia Biotech was used with either 
fluorescent labeled or unlabeled primers in combination with fluorescent labeled dATP. Reactions were run on a 6% 
polyacrylamide-urea gel (0.6 x Tris borate buffer) using the Automated Laser Fluorescent DNA sequencer system from 
Pharmacia Biotech. Generated sequences were analyzed using the PC Gene software from Intelligenetics (Mountain 
45 View, CA, USA) 

Cell culture 

Cells were grown in DMEM (HT1080, HeLa cells and EAhy926 cells), DMEM-F12 (SK-N-SK cells) supplemented 
so with glutamine (1 mM), penicillin (100 lU/ml), streptomycin (100 ng/ml) and 10% heat-inactivated fetal calf serum. M199 
medium contained in addition 1 0% heat-inactivated human serum. Cells were seeded at a density of 2-4 x 10 4 cells/cm 2 
and grown overnight in DMEM with 5% heat-inactivated, charcoal-stripped fetal calf serum. RA and 9cis-RA were dis- 
solved in dimethytsulfoxide or ethanol at a concentration of 10 to 100 mM and stored at -80°C. Phorbol-ester-myristate 
(PMA), dexamethasone, progesterone, d-aldosterone, the synthetic androgen R1881 and 1 7p-estradiol were dissolved 
55 in ethanol at a concentration of 10 to 100 mM. These agents were stored at -80°C and the appropriate concentration 
was added to the medium in a volume corresponding to 0.1% of the culture medium. Control medium contained an equal 
amount of excipient. 
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Assays for t-PA. u-PA and PAH antigens 

t-PA, u-PA and PAI-1 -related antigens in the conditioned medium were determined by specific enzyme-linked immu- 
nosorbent assays (7-9). 

5 

Reporter constructs 

A recombinant lambda phage which contained 22 kb of human t-PA genomic sequence including 1 7 kb of upstream 
region (Xt-PA genl), was isolated from a human genomic XEMBL3 library using a human t-PA cDNA probe (10). All 

w genomic sequences analyzed in this study are numbered relative to the transcription initiation site as determined by 
Henderson and Sleigh (11) and are schematically presented in figure 1A. A 7.3 kb (+197 to -7,144 bp) and 9.8 kb 
upstream fragment (+197 to -9,578 bp), obtained by partial Bam HI digestion, were linked to the chloramphenicol acetyl- 
transferase (CAT) gene in the reporter plasmid pBLCAT3 (12) to yield t-PA7144-CAT and t-PA9578-CAT, respectively. 
Deletion mutants t-PA632-CAT, t-PA1 564-CAT and t-PA3070-CAT with respectively 632, 1 564 and 3070 bp of t-PA gene 

is upstream sequence were obtained from the t-PA71 44-CAT construct by progressive exonuclease III deletion mutagen- 
esis (Erase-a-base kit). The 2.4 kb BaniHI upstream genomic fragment (-7,145 to -9,578 bp: t-PA2.4) was cloned in front 
of these constructs yielding t-PA632v2.4-CAT, t-PA1 564V2.4-CAT and t-PA3070v2.4-CAT, respectively (dr. Fig. 5A) and 
in either orientation in front of the thymidine kinase(TK)-promoter linked to the CAT-gene in p BLCAT2 (12) yielding t- 
PA2.4-TK-CAT and t-PA2.4INV-TK-CAT (cfr. Figure 1 A). 

20 Constructs obtained by progressive exonuclease III deletion mutagenesis from the t-PA2.4-TK-CAT construct (t- 
PA2.0-TK-CAT, t-PA1 .6-TK-CAT, t-PA1 .4-TK-CAT, t-PA0.4-TK-CAT and t-PA0.2-TK-CAT) and from t-PA2.4INV-TK-CAT 
(t-PA1 .9TK-CAT) are shown in figure 2 A and 3 A. Internal deletions were created by recombining deletion fragments from 
t-PA2.4-TK-CAT and from t-PA2.4INV-TK-cat, yielding the following constructs (Figure 2A, 3A): t-PA2.4A0.5-TK-CAT, t- 
PA2.4A0.1-TK-CAT, t-PA2.4A0.3-TK-CAT, t-PA2.4A0. 1 A0.2-TK-CAT, t-PA2.4A0.2-TK-CAT The presumed DR5 RARE 

25 identified in the upstream 2.4 kb t-PA gene fragment was mutated (t-PA/DR5MUT; cfr. Table 1) in the t-PA2.0-TK-CAT 
construct by site-specific mutagenesis using PCR (13), yielding t-PA2.0/DR5MUT-TK-CAT 

DNA oligonucleotides representing recognition motifs for distinct nuclear receptors are shown in Table 1 , some of 
which were cloned as two copies in front of the TK promoter linked to the CAT gene (t-PA/DR5-TK-CAT, t-PA/DR2-TK- 
CAT, RARp/D R5-TK-CAT, MMTV/GREa-TK-CAT). 

30 

Transfection analysis 

To obtain stable expression of t-PA-CAT constructs in HT1080 cells, the calcium phosphate coprecipitation method 
(14) was applied using a DNA mixture which contained 20 to 60 \ig of PvyJ -linearized CAT reporter plasmid (quantity 

35 was according to the plasmid size) and 4 \ig of Pvul-linearized pCMpNeo selection plasmid (15, 1/5 ratio). After 36-38 
h of incubation, neomycin was added to the medium (500 |ig/ml final concentration) and selection was performed for 
approximately 1 0 days. In order to avoid positional effects on the CAT reporter expression, experiments were performed 
using a large pool of neomycin resistant colonies (routinely 10 2 -1 0 3 ). After growing to confluency, cells were harvested 
and seeded in 6-well dishes in DMEM medium containing 0.25% (w/v) bovine serum albumin and 0.5% of charcoal- 

40 stripped serum. After overnight incubation, the medium was replaced with medium containing DEX and/or RA or control 
solution, After 24 h of incubation, cells were analyzed as described below. 

To obtain transient expression of the t-PA promoter constructs in HT1080, HeLa and SK-N-SH cells, the calcium 
phosphate coprecipitation method (14) was applied to a six well dish using a DNA mixture of 12 to 46 ug CAT reporter 
plasmid (according to the size of the reporter construct) with 0.1 \ig pRSVL plasmid and 2.4 ug of the indicated nuclear 

45 receptor expression plasmid. Cells were stimulated with DEX and/or RA immediately (treatment for 36 hours) or 16 
hours after the glycerol shock (treatment for 24 or 30 hours). 

EA.hy926 cell were transiently transfected by electroporation according to a (modified) procedure described by 
Schwachtgen et al. (16). 10 7 synchronized cells suspended in cytomix (17) were added to approximately 50 \ig of Pvu l- 
linearized reporter plasmid together with Xmn I -linearized h-RARB and with Nde l-linearized h-RXRoc expression vectors 

so (ratio 20/1) followed by electroporation at a voltage of 274 V and a capacitance of 1 ,800 \iF (time constant t= 26 ± 0.3 
ms, meant SEM, n= 10). Cells were immediately added to 12 ml of supplemented DMEM medium containing 5% of 
charcoal-stripped serum and divided in six 10 cm 2 wells. After overnight incubation, cells were washed with PBS and 
growth medium containing RA and/or PMA or excipient was added, followed by a 30 h incubation. 

All cell extracts were prepared by three freeze-thaw cycles (Tris.HCI 100 mM pH 7.8, EDTA 5 mM) or by using 

55 reporter lysis buffer. CAT activity was quantified using the liquid scintillation method (18): a mixture of [ 3 H]-acetyl CoA 
(0.1 jiCi), acetyl CoA (final concentration 0.1 mM) and chloramphenicol (final concentration 0.9 mM) was added to equal 
amounts of cell extracts, overlayered with scintillation solution (either Econofluor-2 or Lipoluma) and the rate of re- 
labeled acetyl-chloramphenicol generation was measured using a liquid scintillation analyzer. Luciferase or p-galactos- 
idase-activity, used as an indicator for the transfection efficiency, was measured in a luminometer after addition of luciferin 
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or "Gaiacton" chemiluminescent substrate, respectively. Data obtained from stable and transient expression experiments 
were corrected for endogenous CAT activity and luciferase activity. 

Electrophoretic mobility shift assay 

5 

DNA oligonucleotides or DNA fragments were labeled by filling in with the Klenow fragment of DNA polymerase I 
using [a 32 P]dCTP. Electrophoretic mobility shift assays (EMSA) were performed according to Fried and Crothers (19) 
as modified by Baes et al. (20): RAR„ (NH 2 -terminally tagged with the Hemophilus influenzae agglutinin nonapeptide: 
flu-RAR ( J and/or RXR„ (tagged with an epitope from c-MYC: myc-RXR tl ) were incubated for 15 min at 25 C C, added to 

io the reaction mixture containing 10.000 cpm of labeled DNA fragment or oligonucleotide which was then incubated at 
25°C for 30 min. Specific monoclonal antibodies directed against the flu-eprtope (anti-flu) or the c-MYC epitope (anti- 
myc) were added to the reaction mixture as preformed complex with their respective epitope tagged receptor (flu-RAR u 
or myc-RXR (7 J. As a negative control, the fibrin D-dimer directed 1 5C5 monoclonal antibody (21) was pre-incubated with 
either h-RAR u or h-RXR u . Band shift reactions were analyzed on a 4-5% polyacrylamide gel electrophoresis at 4°C in 

is 0.5 x Tris borate buffer. Bands were visualized by autoradiography. EMSA with purified fusion protein of protein A- and 
the DNA-binding domain of the glucocorticoid (GR, 22) or the androgen receptor (AR, 23) was performed similarly as 
described above, except that GR or AR were directly added to the reaction mixture. 

Results 

20 

Synergistic induction of t-PA gene expression in HT1080 cells by DEX and RA 

The influence of a combined treatment of DEX with RA on t-PA, urinary-type plasminogen activator (u-PA) and 
plasminogen activator inhibitor (PAI)-1 -related antigen secretion is summarized in Table 2. Whereas DEX induced an 

25 increase of t*PA as well as PAI-1 -related antigen (2.9 ± 0. 1 and 2.4 ± 0. 1 -fold, respectively) the secretion of u-PA-related 
antigen secretion was reduced by 0.64 ± 0.02-fold. RA atone induced a major increase of t-PA-related antigen secretion 
(1 1 ± 0.4-fold) but had only a 2.1 ± 0.7-fold effect on u-PA-related antigen secretion and no or very little effect on PAI-1 
related antigen secretion. A combined treatment with DEX and RA had a cooperative effect on t-PA-related antigen 
secretion (35 ± 2.0-fold) as compared to the effect of these agents separately (cfr. above). The observation was specific 

30 for t-PA-related antigen as the u-PA-related antigen level remained unaffected (0.86 ± 0.05-fo!d) and only a small increase 
was seen for the PAI-1-related antigen level (3.0 ± 0.13-fold). 

Northern blot analysis of total RNA extracted from HT1 080 cells showed that the effects of these agents on the level 
of antigen secretion were also seen on their respective steady state mRNA levels (data not shown). 

35 DNA sequence determination of the human t-PA gene upstream sequences from bp +197 to -9.578 

In order to study the cis-elements involved in the hormonal regulation of human t-PA gene expression, a recombinant 
lambda phage, containing 22 kb of human t-PA genomic sequence including 17 kb of upstream region, was isolated 
. from a human XEMBL3 library in the Center for Molecular and Vascular Biology. A 9.8 kb upstream fragment (+197 to 

40 -9,578) was obtained by partial BamHI digestion and cloned in the pBLCAT3 reporter plasrhid (12), yielding t-PA9578- 
CAT. Using a set of 5' progressive deletions derived from the t-PA9578-CAT construct in combination with 'primer walking' 
(data not shown) the DNA sequence upstream of the human t-PA gene from bp +197 to -9,578 relative to the start site 
of transcription (11) was determined in both directions as described in the Materials and Method section. The DNA 
sequence from nucleotide -71 45 to -9578 relative to the start site of transcription (1 1 ) is added as Fig. 9. This sequence 

45 contained several palindromic (partial) repeats representing putative binding sites for the glucocorticoid receptor (5). In 
addition. 

A G G 

so G T A 

G T C 



55 motifs which represent the sequence of the consensus recognition half-site for the RA-thyroid hormone nuclear receptor 
family were identified (6). Motifs resembling such consensus repeats are shown and described in Table 1 . 
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Localization of an enhancer responsive to DEX and RA 7 kb upstream from the human t-PA gene 

t-PA promoter/CAT reporter vectors are schematically represented in Figure 1A, the CRE/AP1 and AP2 binding 
sites involved in basal promoter activity (26) are indicated (for details see Materials and Methods). Results obtained by 

s stable integration of these reporter vectors in HT1 080 cells, are shown in Figure 1 B. t-PA9578-CAT reporter activity was 
3.7 ± 0.1 -fold and 6.2 ± 0.2-fold induced by DEX and RA, respectively, whereas the combination had a 21 .0 ± 0.2-fold 
effect (cfr. Figure 1B). The t-PA7144-CAT construct showed no response to DEX and RA. t-PA2.4-TK-CAT was 5.1 ± 
0.14-fold and 5.5 ± 0.5-fold induced by, respectively, DEX and RA alone, whereas the combination had a 18 ± 1 .5-fold 
effect. Similar effects were observed for the t-PA2.4INV-TK-CAT construct, while the TK promoter alone (TK-CAT) showed 

10 little or no induction. Evaluation of the effect of (low) equipotent doses of DEX (10" 8 M) and RA (1 0' 9 M) revealed a 2.0 ± 

0. 1 -fold induction of the t-PA2.4-TK-CAT construct compared to a significantly higher 3,7 ±0.1 -fold induction when 5x10" 
9 M DEX was combined with 5x10* 10 M RA (cfr. Figure 1 C). 

In aggregate, these results show that a genomic fragment spanning the region from -7145 to -9578 bp upstream 
from the human t-PA gene can provide a synergistic transactivation in response to DEX and RA when linked to either 
15 its homologous or a heterologous promoter. 

Identification of the cis-acting elements involved in the response of the t-PA2.4 enhancer to DEX and RA 

1 . Identification of the DEX-responsive region at -7.5 kb 

20 

Figure 2 A provides a schematic overview of the t-PA genomic sequence spanning -7,1 45 to -9.578 bp. The indicated 
putative glucocorticoid receptor binding sites (t-PA/GREa, t-PA/GREf and t-PA/GREg) are described in Table 1 . Figure 
2B represents the results of transient co-expression of t-PA2.4-TK-CAT mutants with the human glucocorticoid receptor 
(GR) in Hela cervix carcinoma cells. An internal deletion spanning the region from -8,042 to -7,897 bp (t-PA2.4A0.2-TK- 

25 CAT), which eliminated t-PA/GREf and t-PA/GREg (cfr. Table 1 ), had no effect on the induction of CAT-activity as com- 
pared to the t-PA2.4-TK-CAT wild-type construct (respectively 10 ± 1.6-fold and 9.1 ± 0.25-fold). Elimination of the t- 
PA/GREa element by deletion of either the region from -7,650 to -7, 145 or from -7,650 to -7,324 bp (respectively t-PA1 .9- 
TK-CAT and t-PA2.4A0.3-TK-CAT) abolished the induction. Re-introduction of most of the deleted region (-7,535 bp to 
7,145 bp) or only the -7535 to -7,324 bp fragment, both of which contained the t-PA/GREa element, into the t-PA1.9- 

30 TK-CAT construct restored the induction (respectively, t-PA2.4A0. 1 -TK-CAT, 7.8 ± 0.29-fold and t-PA2. 4A0.1 AO. 2 -TK- 
CAT, 4.2 ± 0.09-fold). 

In conclusion, these results confined the DEX responsive sequence to the region from -7,535 to -7,325 bp (t-PA0.2A) 
upstream of the human t-PA gene. 

35 2. Identification of a DR5 RARE at -7.3 kb 

Transient co-expression in HT1080 cells of the t-PA2.4-TK-CAT construct with expression plasmids encoding RA 
nuclear receptors increased CAT expression by RA and 9cis-RA (data not shown). Similar induction (12 ± 1 .0-fold) was 
observed when t-PA2.4-TK-CAT was co-expressed with both human RARp and RXRa compared to RARp alone. Com- 

40 bination of RA and 9cis-RA (both 10' 6 M) did not cause additional induction, whereas 9cis-RA alone revealed a smaller 
increase. Similar induction was obtained with h-RARct instead of h-RARp but not with h-RARy (data not shown). When 
h-RXRa alone was co-expressed, maximal CAT induction required both RA and 9cis-RA (data not shown). Surprisingly, 
similar experiments with the t-PA9578-CAT construct, pevealed no CAT induction at ratios of RARp and RXRa expression 
vector to CAT reporter plasmid of 2 to 20. Apparently, expression of the RA nuclear receptors repressed the basal 

45 promoter activity of the t-PA reporter constructs (data not shown). However, such phenomenon was not observed when 
transient expression was performed in the EA.hy926 hybrid endothelial and the SK-N-SH neuroblastoma cell lines. The 
results obtained in these cell lines confirmed that the regulation of the t-PA promoter by RA is mediated by the t-PA/DR5 
motif located in the t-PA2.4 enhancer (data not shown). 

Figure 3 A provides a schematic overview of the t-PA genomic sequence spanning -7, 1 45 to -9,578 bp The indicated 

so putative RAR/RXR binding sites are described in Table 1 . Figure 3B represents the results of transient co-expression 
of t-PA2.4-TK-CAT mutants with RARp and RXRa, Deletion of the DR0 motif (in t-PA2.0-TK-CAT and t-PA1 .6-TK-CAT), 
of the DR4 motif (in t-PA1.4TK-CAT) and of the DR2 motif (in t-PA0.4-TK-CAT and t-PA2.4A0.5-TK-CAT) did not affect 
the induction by RA (9.3 ± 1 .0-fold to 6.8 ± 0.03-fold) as compared to the full length t-PA2.4-TK-CAT construct (8.0 ± 0.8 
fold). The t-PA1.9-TK-CAT construct, lacking the ER8 and DR5 elements, showed no CAT induction (1.1 ± 0.1 -fold, 

55 whereas re-introduction of these elements in t-PA2.4A0.1 -TK-CAT, restored the induction (7.4 ± 0.2-fold). The t-PA0.2- 
TK-CAT construct, containing the DR5 element but not the ER8 element, showed reduced RA induction (3.7 ±0.1 -fold). 
Elimination of the DR5 element by site-specific mutagenesis (t-PA2.0/DR5MUT-TK-CAT; for the exact sequence cfr. 
Table 1) abolished RA induction. Transient co-expression of CAT reporter constructs containing two copies of putative 
recognition motifs (Table 1) in front of the TK promoter revealed a 27 ± 7-fold and a 5.1 ± 0.2-foid induction for the t- 
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PA/DR5 (t-PA/DR5-TK-CAT) and the t-PA/DR2 element (t-PA/DR2-TK-C AT) , respectively (data not shown), compared 
to a 96 ± 22-fold induction observed for the DR5 element identified in the murine RARp2 promoter used as a positive 
control (RARp/DR5-TK-CAT,25). The distal glucocorticoid response element of the MMTV-Long Terminal Repeat 
(MMTV/GREa-TK-CAT,24) and the t-PA/ER8 element (t-PA/E R8-TK-CAT) conferred no induction (data not shown). 
5 In conclusion, the t-PA2.4 genomic fragment contains two elements, t-PA/DR2 and t-PA/DR5, that confer RA-induc- 
ibility to the TK-promoter, but only t-PA/DR5 appears to be functionally active in the t-PA gene. 

Identification of the nuclear receptors involved in the response of the t-PA 2.4 enhancer to DEX and RA 

w 1 . Binding of GR and AR to the t-PA/GRE elements 

The electrophoretic mobility shift assay (EMS A) was performed using a fusion protein of protein A with the DNA 
binding domain of either the glucocorticoid (GR) or the androgen receptor (AR). Both GR and AR, when stimulation is 
performed with their respective ligand, are equipotent transactivators of the t-PA2.4 enhancer (data not shown). A radi- 

i5 olabeled DNA fragment which spanned the t-PA genomic sequence from -7353 to -7,325 bp (t-PA0.2A) and which con- 
tained the t-PA/GREa element, showed strong binding in the presence of increasing amounts of GR and AR for which 
competition was observed with an increasing molar excess of MMTV/GREa oligonucleotide (data not shown). Figure 
4A shows that GR specifically bound to a radiolabeled t-PA/GREa oligonucleotide (compare lane j to I with lane i), 
although with a lower affinity as for the consensus GRE from MMTV/LTR (MMTV/GREa, lane a to d). A t-PA/GREf 

20 oligonucleotide showed strong binding with GR (compare lane n to p with lane m) whereas t-PA/GREg showed a com- 
parable affinity for GR as t-PA/GREa (compare lane q to t with lane i to I). An oligonucleotide combining both t-PA/GREf 
and t-PA/GREg with a spacing of 3 bp (as in their natural environment), showed strong binding (compare lane v to x 
with lane u) with the appearance of a slower migrating band which probably represents a GR-tetramer/probe complex 
(lane x). No binding was observed for a radiolabeled aspecific oligonucleotide (RARp/DR5. lane e to h). 

25 In conclusion, several GRE's were identified in the t-PA2.4 upstream genomic fragment, t-PA/GREa, GREf and 
GREg, which show specific affinity for GR and AR homodimers in vitro. However, the t-PA/GREf and t-PA/GREg element 
seemed not to be involved in the induction by DEX, whereas a role for t-PA/GREa remains to be confirmed by site- 
directed mutagenesis. The involvement of other putative sites present in this fragment has not been excluded. 

30 2. Binding of RA receptors to the t-PA/DR5 RARE element 

EMSA was performed using c-myc-epitope tagged RXRct (myc-RXRa) and flu- epitope tagged RARa (flu-RARa), 
the latter being equipotent to RARp in transient expression assays (data not shown). A radiolabeled DNA fragment 
spanning t-PA genomic sequences from -7,145 to -7,324 bp (t-PA0.2B) and containing the t-PA/DR5 element, showed 

35 strong binding in the presence of both flu-RARa and myc-RXRa whereas with flu-RARa or myc-RXRa alone no binding 
was seen (data not shown). Displacement of the RAR-RXR complex was observed upon competition with a 10- and 
1 00-fold molar excess of t-PA/DR5 oligonucleotide as well as with the positive control, the RARE sequence of the RARp 
promoter (RARp/DR5). Competition with an unrelated DNA oligonucleotide (MMTV/GREa) had no effect on complex 
formation. When EMSA was performed with a radiolabeled RARp/DR5 oligonucleotide (positive control) similar results 

40 were obtained (data not shown) 

In figure 4B, a radiolabeled t-PA/DR5 oligonucleotide did not interact with flu-RARa alone, weakly with myc-RXRa 
alone (lane i and j, respectively) and strongly with the mixture of both (lane k). Addition of specific monoclonal antibodies 
directed against the flu-epitope of RARa (anti-flu) or the myc-epitope of RXRa (anti-myc) caused a partial disruption of 
the retarded complex (lane I) and a dear supershift (lane m), respectively, suggesting that both RAR ( , and RXR ( , were 

45 present in the retarded complex. Similar results were obtained with the radiolabeled t-PA/DR2 and RARp/DR5 oligonu- 
cleotides (cfr. Table 1), except that no interaction was observed with RXR„ alone (respectively lane o to u and lane a to 
g). A radio-labeled t-PA/E R8 oligonucleotide showed virtually no binding (data not shown) and experiments performed 
with a modified DR5 oligonucleotide, in which the first repeat of the DR5 motif was mutated but the ER2 repeats were 
left intact or a modified DR2 oligonucleotide in which only the ER1 was conserved (cfr. Table 1), revealed only weak 

so binding of RARa/RXRa (data not shown). 

In conclusion, two RARE elements were identified in the t-PA2.4 upstream genomic fragment (t-PA/DR5 and t- 
PA/DR2) with affinity for RAR-RXR heterodimers in vitro, although only the t-PA/DR5 element is functionally active in 
the t-PA gene. 

55 Effect of the distance from the transcription initiation site and of the intervening sequence on the induction of t-PA2.4 
enhancer activity by DEX and RA 

Stable expression of promoter deletion constructs containing the t-PA2.4 fragment (cfr. Figure 5A) in HT1080 cells, 
showed that the induction by DEX and RA alone (10" 7 M) is not influenced by the distance or the intervening sequence 
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while the synergistic effect of DEX together with RA (both 5X10" 8 M) increased with decreasing distance between the 
enhancer and the t-PA proximal promoter elements (from 3.3 ± 0.06-fold for t-PA9,578-CAT to 7.3 ± 0.09-fold for t- 
PA632V2.4-CAT, cfr. Figure 5B). 

Experiments performed in HT1080 and in EA.hy926 and SK-N-SH cells confirmed that, respectively, the induction 
by DEX and RA was independent of the distance between the t-PA2.4 enhancer and the transcription start site (data 
not shown). 

In aggregate, the response of the t-PA2.4 fragment to DEX and RA alone was independent of the intervening 
sequence and the distance to the proximal promoter elements. But, the synergistic effect of both hormones together 
increased with decreasing distance from the promoter. 

Svnerqv of steroid hormo nes with RA 

Co-expression of the t-PA2.4-TK-CAT construct with different steroid hormone receptors in HT1080 cells revealed 
a similar induction for 1 0' 6 M progesterone, 1 0* 6 M d-aldosterone and 1 0" 8 M synthetic androgen R1 881 (6.5 ± 0,45-fold 
to 9.6 ± 0.85-fold) as compared to 10' 6 M dexamethasone (8.8 ± 0,65-fold; the latter in the absence of co-expressed 
receptor), but no induction was observed with 10" 6 M 1 7p-estradiol when the human estrogen was co-expressed (data 
not shown). 

In order to determine whether the synergy observed between DEX and RA (see above) is unique or would also 
occur with other members of the steroid hormone family, co-expression was performed in HT1080 cells of the t-PA2.4- 
TK-CAT construct with the mineralocorticoid receptor together with the RARp and RXRa receptors. Indeed, whereas 
treatment of d-aldosterone (ALD) and RA (both 10" 7 M) induced CAT-activity respectively 3.0 ± 0. 1 8 and 4.5 ±0.11 -fold, 
the combination of half of the ALD and RA concentration (both 5 x 1 0* 8 M) resulted in a 8.4 ± 0.3-fold induction, which 
was significantly higher than would be expected for only an additive effect of these agents (cf. Fig. 6). 

Determination of the minimal functional enhancer size 

As the cis-acting elements involved in the hormonal response of the t-PA2.4 enhancer are located at its 3' side, 
progressive 5' deletions of the t-PA2.4 enhancer linked to TK-CAT were evaluated by transient expression in SK-N-SK 
neuroblastoma cells. Deletion of the region spanning -9,578 to -8,559 bp (t-PA1.4-TK-CAT) and -9,578 to -8,006 bp (t- 
PA0.8-TK-CAT) did not affect the synergistic response to treatment with DEX and RA(both 5x1 0" 7 M) as compared to 
the full size t-PA2.4-TK-CAT construct (respectively 6.8+0.1 2-fold and 1 0 ± 0.45-fold as compared to 1 3± 0.54-fold, cfr. 
Figure 7). However, when the region spanning -9,578 to - 7,535 bp was deleted (t-PA0.4-TK-CAT), the induction by DEX 
was strongly reduced (1 .3 ± 0.05-fold compared to 3.9 ± 0.1 4-fold for the wild-type t-PA2.4-TK-CAT construct) whereas 
the induction by RA was reduced by half (3.3 ± 0.09-fold compared to 6.2 ± 0.13). Moreover, the synergistic response 
to a combined DEX-RA treatment was eliminated (3.0 ± 0. 1 3-fold compared to 1 3 ± 0.05-fold for the wild-type construct) . 
In conclusion, these data show that the enhancer can be reduced to a minimal size of 863 bp spanning the nucleotides 
from -7,145 to -8,007 bp. 

Synergistic interaction between the t-PA2.4 enhancer and the t-PA proximal promoter 

Stimulation of HeLa cells, transiently expressing the t-PA632-CAT and the t-PA632v2.4-CAT reporter construct, with 
1 60 nM phorbol-ester-myristate (PMA) resulted in a strong induction of CAT-activity (6.4 ±0.1 3-fold and 1 7 ± 0. 1 4-fold, 
respectively; see Figure 8A). DEX (1 0* 7 M) induced the t-PA632v2.4-CAT construct 4.5 ± 0. 1 7-fold but had no effect on 
the t-PA632-CAT construct. Treatment with both DEX and PMA at 50% of their concentrations (5 x 10" 8 M and 80 nM, 
respectively) resulted in a strong synergistic induction of transiently expressed t-PA632v2.4-CAT (45 ± 3-fold) which 
was significantly higher than would be anticipated from only an additive effect of DEX and PMA. The induction of the t- 
PA632-CAT construct dropped by about two-fold compared to stimulation with PMA alone (2.5 ± 0.02-fold). 

In conclusion, when linked to its homologous promoter (+ 197 to -632 bp), the t-PA2.4 enhancer provided a syner- 
gistic induction upon treatment with DEX and PMA in HeLa cells. 

LEGENDS TO THE FIGURES 

Fig. 1 : DEX- and RA-mediated transactivation of t-PA-CAT constructs following stable or transient expression in 
HT1080 human fibrosarcoma cells. The data represent mean ± SEM. 

Fig. 1 A: Schematic representation of the genomic sequences upstream from the transcription initiation site of the 
human t-PA gene and the t-PA-CAT-reporter constructs obtained thereof. 

Numbering is according to Henderson and Sleigh (11). CRE/AP1 and AP2 binding sites involved in basal 
promoter activity (26) are indicated by an arrow and BarpHI restriction sites are indicated by a filled triangle. 
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The CAT reporter gene (CAT) (□), the TK-promoter (TK) (□) and the first exon (□) of the human t-PA gene 
are indicated. 

Fig. 1 B: Induction of CAT activity by DEX and RA (both 10' 6 M) by stably expressed human t-PA promoter constructs 
5 (a to f in the figure). Cells were harvested 24 hours after hormonal stimulation. 

Fig. 1 C: Synergistic induction of CAT activity by DEX and RA in HT1080 cells stably expressing the TK-CAT (d) and 
the t-PA2.4-TK-CAT construct (e). Cells were stimulated for 24 hours as indicated. 

w Fig. 2: Localization of the DEX responsive region in the human t-PA promoter by mutagenesis of the t-PA2.4 

genomic fragment. 

Fig. 2A: Schematic representation of the genomic sequence from -7145 to -9578 bp upstream from the human t- 
PA gene. Motifs resembling putative GRE's are represented (GREa. f. g). 

15 

Fig. 2B: Induction of CAT activity by DEX (10 6 M, hatched bars) versus control (open bars) of the indicated mutant 
constructs derived from t-PA2.4-TK-CAT. Hela cells, transiently co-expressing the reporter constructs with 
GR, were treated for 36 hours. The data represent mean ± SEM. 

20 Fig. 3: Localization of the R A response element in the human t-PA promoter by mutagenesis of the t-PA2.4 genomic 

fragment. The data represent mean ± SEM of cells treated with RA (10* 6 M, hatched bars) versus control 
(open bars). 

Fig. 3A: Schematic representation of the genomic sequence from -7145 to -9578 bp upstream from the human t- 
25 PA gene. Motifs resembling repeats of the 



A G G 
G T A 

30 G T ,C 



half site are represented: direct (DR) and everted repeats (ER), with the number of the intervening nucle- 
otides, are indicated. 



35 



40 



Fig. 3B: Induction of CAT activity by RA (10" 6 M, hatched bars) of the indicated mutant constructs derived from t- 
PA2.4-TK-CAT. HT1080 cells, transiently co-expressing reporter constructs with h-RARp and h-RXRa, were 
treated with RA for 36 h. The mutations in the DR5 element of t-PA2.0/DR5MUT-TK-CAT are marked with 
vertical bars (for corresponding sequence cfr. Table 1). 

Fig. 4: Characterization of the GRE and RARE elements by the electrophoretic mobility shift assay using 32 P end 
labeled oligonucleotides. 

Fig. 4A: Characterization of the t-PA/GRE using 32 P end labeled oligonucleotides representing MMTV/GREa, 
45 RARp/DR5 and the t-PA/GRE elements identified at -7.501 . -7,960 and -7,942 upstream from the human 

t-PA gene (respectively t-PA/GREa, t-PA/GREf and t-PA/GREg). Reactions were performed with fusion pro- 
tein of protein A and the DNA binding domain of the glucocorticoid receptor (GR). 

Fig. 4B: Characterization of the t-PA RARE using 32 P end labeled oligonucleotides representing the central 
so RARp/DRS, and the t-PA/DR5 and t-PA/DR2 elements identified at, respectively, -7,319 and -8.396 bp 

upstream from the human t-PA gene (for sequences, see Table 1). Reactions were performed with epitope 
tagged human RARa (flu-RARa) and RXRa (myc-RXRa) in the presence or the absence of an aspecific 
antibody (15C5) or specific antibodies (anti-flu and anti-myc). The difference in migration and relative inten- 
sity of the bands obtained for t-PA/DR2 were due to slightly different conditions applied during the electro- 
55 phoresis of these reaction mixtures. 

Fig. 5: Effect of the distance and the intervening sequence on the function of the t-PA2.4 enhancer. 
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Fig. 5A: Schematic representation of reporter constructs containing the t-PA2.4 fragment linked to various deletion 
mutants of the t-PA7144-CAT construct. The data represent mean ± SEM. 

Fig. 5B: Response of t- PA-CAT constructs with increasing deletions between the t-PA2.4 enhancer and the promoter, 
stably expressed in HT1080 cells, to treatment with DEX and RA as indicated. Cells were treated for 24 
hours with 10~ 7 M DEX (open squares), 10" 7 M RA (open circles) or 5 x 10" 8 M of both DEX and RA (filled 
triangle). 

Fig. 6: Synergistic response of t-PA2.4-TK-CAT, stably expressed in HT1080 cells, to treatment with ALD and RA 
as indicated. Cells transiently co-expressed the human mineralocorticoid receptor and were stimulated for 
24 hours with RA (10 6 M, □), ALD (10' 6 M, □) or a combination of half of the RA and steroid hormone 
concentration (□), as compared to control (□). The data represent mean ± SEM. 

Fig. 7: Delineation of the synergistic response of the t-PA2.4 enhancer by transient expression in SK-N-SH neu- 
roblastoma cells. Cells were stimulated for 24 hours with DEX (10' 6 M, □), RA (10* 6 M, □) or a combination 
of DEX and RA (both 5 x 10' 7 M, □) as compared to control (o). The data represent mean ± SEM. 

Fig. 8: Effect of phorbol-ester-myristate (PMA) on the synergistic interaction between the t-PA2.4 enhancer and 
the proximal t-PA promoter elements. Response of t-PA632v2.4-CAT (b) as compared to t-PA632-CAT (a), 
transiently expressed in HeLa cells, to treatment with D EX (1 0" 7 M , □) or PMA (1 60 nM , □) or the combination 
of both DEX and PMA (5 x 10* 8 M and 80 nM, respectively, □) as compared to control (□). Ceils transiently 
co-expressed GR and were stimulated for 24 hours. The data represent mean ± SEM. 
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Table 2 



Influence of DEX (10' 6 M) and RA (10 6 M) on t-PA, u- 
PA and PAI-1 -related antigen secretion in the condi- 
tioned medium of HT1080 fibrosarcoma cells. 


Stimulation 


t-PA 


u-PA 


PAI-1 


Control 

DEX 

RA 

DEX + RA 


1.0 ±0.05 
2.9 + 0.1 
11 ±0.4 
35 + 2.0 


1.0±0.12 
0.64 ±0.02 

2.1 ±0.17 
0.86 ±0.05 


1.0±0.1 
2.4 ±0.1 
1 .3 ± 0.08 
3.0 ±0.13 


Data were obtained by an antigen specific ELISA (see 
Materials and Methods) and were expressed as fold 
control (mean ± SEM). 



Claims 

1 . Enhancer element suitable for inducing or enhancing the transcription of cis-located promoter/gene constructs in 
response to steroids and/or retinoids, comprising at least the region spanning nucleotides -8,007 to -7.144 upstream 
of the transcription initiation site of human tissue-type plasminogen activator, or modified versions thereof not 
destroying the biological activity of the element. 

2. Enhancer element as claimed in claim 1, wherein the element comprises the region spanning nucleotides -9,578 
to 7,144. 

3. Enhancer element suitable for enhancing the transcription of cis-located promoter/gene constructs in response to 
steroids and/or retinoids, comprising a steroid responsive-fragment located in the region spanning nucleotides - 
7,325 to -7,535 and/or a retinoic acid responsive-site located in the region spanning nucleotides - 7,145 to -7,324. 

4. Enhancer element as claimed in any one of the claims 1-3 comprising at least one biologically active part of the 
DNA sequence shown in Fig. 9, or modified versions thereof not destroying the biological activity of the element. 

5. . Vector for the transfer of a gene or gene fragment into mammalian host cells, such that the gene or gene fragment 

may be expressed by the host cell, the vector comprising an enhancer element as claimed in any one of the claims 
1 to 4, operably linked to its homologous or any heterologous promoter and the gene or gene fragment. 

6. Vector as claimed in claim 5 for use in the in vivo modulation of the expression of the gene or gene fragment in 
mammalian host cells, by natural or synthetic steroids, retinoids or combinations thereof. 

7. Vector as claimed in claim 5 for use in the in vivo modulation of the expression of the gene or gene fragment in 
mammalian host cells, by one or more agents acting on the enhancer element, such as activators of protein kinase C. 

8. Use of a vector as claimed in claim 5 for the in vivo modulation of the expression of the gene or gene fragment in 
mammalian host ceils, by natural or synthetic steroids, retinoids or combinations thereof. 

9. Use of the vector as claimed in claim 5 for the in vivo modulation of the expression of the gene or gene fragment in 
mammalian host cells, by one or more agents acting on the enhancer element, such as activators of protein kinase C. 

10. Genetic switch, comprising at least part of the enhancer element as claimed in any one of the claims 1-4 and a 
promoter having substantially no expression level of its own, wherein the enhancer element and the promoter are 
located on the same vector or on separate vectors that are used simultaneously. 
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Fig. 9 



===13-JAN-1995=================="NAOUT^ 



>PC/GENE=== 



MELD CREATED BY ASSEMGEL REV 2.0 



10 
I 

1 GGATCCTCTT 
51 CCATGCCTGG 
101 ACTCTGTTGC 
151 CCTTGAACTC 
201 CTCACTTCTG 
2 51 CACATAACTT 
301 GGTTATTGTT 
351 TTTGTTTTGT 
401 GGCTGGAGTG 
4 51 GATTCAAGCT 
501 CACACACCAC 
551 GTTTCATCAT 
601 CACCTGCCTC 
651 GCCTGGCCAC 
701 TCGTATATAT 
751 TCTTGGAACA 
801 TCCCAGCTCC 
851 AATCCTCCCT 
901 CCATTGTGAA 
951 CTTCTTATTC 
1001 ACACCTACTG 
1051 ACCTTCAGCA 
1101 ATTTTTAAAA 
1151 ACTTTGGGAG 
1201 CAGCCTGGCC 
12 SI AGCTCGGCAT 
1301 GGCAGGAGAA 
1351 TCGCATCACT 
1401 AAAAAAAAAA 
1451 CACATTACAG 
1501 TTAGAATGGG 
1551 GACAGGCAGG 
1601 TTCAGGTCGG 
1651 TGGTGGCTTC 
1701 CACACACAGG 
1751 CAATCCAATC 
1801 AAAGAAAGCC 
1851 ACTCCTCACA 
1901 TCTATAAAAT 
1951 AAGCTACACC 
2001 GAGGCCGGAG 
2051 GTAAACAGTG 
2101 AACCAGAACT 
2151 AGAACGCGCC 
2201 GGCTTTGGCC 
2251 GGGACTCTGG 
2301 GTTTTGGTTA 
2 3 51 AGAGACAGGC 
2401 ACAGTTCACT 



20 



30 



40 



50 



ATCTCAGCCT 
CTAATTTTCT 
CCAGGCTGAT 
CTAAAGTGCT 
TAATAAGTTG 
TTATTACAGT 
GTTAGTCTCT 
TTTGTTTTGT 
CAGTGGCACG 
ATTCTCATGC 
CACACCCGGC 
GTTGCCCAGG 
GGCCTCCCAA 
ATTAACCTTG 
AGTGCTCGGT 
CATCCTTGTG 
CTGCCTCCTG 
GTCTTTCAGC 
CCATTACCAC 
TAAACCCCAA 
CTTTGGTTTC 
ACAACCTCTC 
AGTTGGCATT 
GCCGAGGCAG 
AACATGGCAA 
CCTGGTCCGC 
TCACTTGAAC 
GCACTCCAGG 
AAGTTGGCAT 
CATGTTTTCT 
TGGGTCTGTG 
TCAGCAGGTG 
ATGATCCAGG 
CGTTGATTTC 
GAGATAGGAC 
GGTGACTAAA 
TGGGGGGAAA 
GAGGAAAAAA 
ATGCATCACT 
AAAGCTGTAT 
CGGCGAGTCC 
GTGTTCCTGT 
GATGCAAGAG 
TCCCCCCAGG 
GCTCTCCCAA 
GGTCACCCTG 
TTGTCAGTGT 
TTTTACTCTG 
GCAACCTCAA 



CCCAAGTAGC 
GTATTTTTTT 
CTTGAACTCC 
GGGATTACAG 
AGAGAGAGGT 
ACCTTGTTAT 
TGCTGTGCCT 
TTTTGAGACA 
ATCTCGGCTC 
CTCAGCCTTC 
TAAGTTTTTT 
CTGGTCTCCA 
AGTGCTGGGA 
ATCATAGGTA 
ACTACCCACA 
GTTAAGGGGG 
CTCCTGGAGT 
CCTTTGCCCT 
GATGCCCGTT 
GGCCCTGTCA 
CAATATGATT 
CTGTGCTGTT 
GGGCACAGTG 
GTGGATCACC 
AACCCCGTCT 
ACCTGTAATC 
CCAGGAGGCA 
CAGGGTGACA 
CAATGTGTTC 
GTATGAGCCC 
CCATTGTCCC 
CGTACAGAGG 
TCCACAGTGT 
TAATAAAAGC 
AACGAACATT 
ATCAGACAGG 
ATGATCTCAA 
TGTACAGTTA 
TCCTGGCGGG 
TCACTGGACA 
TGTGATGCCA 
CACCCTGAGC 
CCCCTGCTGT 
TCTGAGTGAT 
AGGAGCCCGC 
GGGTCAGAAG 
TATTTATGTG 
TCTCCCAGGC 
ATTTTCAGGT 



TGGACCACAG 
GTAAAGATGA 
TGGCTTCAAG 
GTGTGAGCCA 
ATATATAGAG 
GATTGTTCTA 
AATTTATACA 
CGGTCTCACT 
ACTTCAGTCT 
CGAGTAGCTG 
GTATTTTTAG 
ACGGCTGACC 
TTACAGGCAT 
TGGATGTGTA 
GATTCAGGCA 
ATGACCATGT 
CTCCATGGCT 
GTCAGCCTAG 
GACATGCTGG 
ACACGCTCTA 
TCAGAGCAAT 
AACCCTTTGA 
GCTGAAGCCT 
TGAGGTCAGG 
CTACTAAAAA 
CCAGCTACTC 
GAGGTTGCAT 
GAGCAAGACT 
TTCCATCTGA 
ACACATATCA 
GGCACAGCTG 
GGCTTTCTTC 
TCATTCAGGG 
TGCAGACTGA 
TGGGATGTGA 
AAGCCCTGTG 
GTTCATTTCG 
GAGTGAAGTG 
GAGGAGAGAG 
AAAATGCTTG 
TGGCGGGAGG 
ACATGCAGTC 
GGAAGTCACC 
CTCATTGCCG 
CCCAGACACA 
GAATTATCTG 
TTTATTTATT 
TGGAGTGCAG 
TCAAG 



GAGCAAACCA 
GGTGGGTCTC 
CAATCCCTCA 
CCTTGCCCAG 
AGACCACAGT 
TTTTACTATT 
TTAACTTTGT 
CTGTCACCTA 
TCGCCTCCTG 
GGACTACAGG 
TAGAGACAGG 
TCAAGTGATC 
GAGCCACCAT 
GGGAAGAGCA 
TCCATTGGGA 
GTGATGGCCC 
CCTCAGCGCC 
ACTCAATGAC 
AAACTCTTCC 
CTGGGGAAGC 
TGCCTTGCAA 
AAGAGTGTGC 
GTATCCCAGC 
AGTTCGAGAC 
TACAAAAATT 
GGGAGGGTGA 
TGAGCCGAGA 
CTGTCTCAAA 
TTTATGTCTT 
GATGGTAACT 
TGAGGGTGGT 
TACATTGGAG 
CTCTGTGTTC 
GCCAGTCCTG 
TTAAGCCCAT 
CCCCTTAGAT 
ATTGGCGCAA 
AAAGAACATC 
GAGCTATGGA 
ACTCAGGAAG 
TGGGTCCCAT 
TCCCGTGGGT 
ACGCTCTCCC 
AGGTGAATAG 
GCCATGGCCT 
TATTCACTTG 
TTTTATTTTT 
TGATGGGATC 



->tal number of bases is: 2435. 

sequence composition: 586 A; 



599 C; 595 G; 655 T; 0 OTHER; 
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